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RESUMEN
(OXVRGHGDWRVGHOÀXMRGHHQHUJtDSDUDYDOLGDUPRGHORVGHVXSHU¿FLHUHTXLHUHTXHVHVDWLVIDJDHOFLHUUH
GHOEDODQFHGHHQHUJtDVLQHPEDUJRHVWDFRQGLFLyQQRVXHOHYHUL¿FDUVHFXDQGRODHQHUJtDGLVSRQLEOHHV
PD\RUTXHODVXPDGHORVÀXMRVWXUEXOHQWRVYHUWLFDOHV(VWHWUDEDMRSUHVHQWDXQDHYDOXDFLyQGHORVSUR-
EOHPDVUHODFLRQDGRVFRQHOFLHUUHGHOEDODQFHGHHQHUJtD/RVGDWRVHYDOXDGRVFRUUHVSRQGHQDXQDEDVH
GHGDWRVGHGH/LYUDJD,WDOLDREWHQLGRVHQXQDHVWDFLyQPLFURPHWHRUROyJLFDGHFRYDULDQ]DHGG\
ORFDOL]DGDHQXQFDPSRGHPDt]GHOYDOOHGHO3R(OFLHUUHGHOEDODQFHGHHQHUJtDVHFDOFXODPHGLDQWH
ODUHJUHVLyQHVWDGtVWLFDGHÀXMRVWXUEXOHQWRVGHHQHUJtD\ÀXMRVGHFDORUHQHOVXHOR3RUORJHQHUDOORV
UHVXOWDGRVLQGLFDQDXVHQFLDGHFLHUUHFRQXQGHVHTXLOLEULRPHGLRGHORUGHQGH/DVFRQGLFLRQHVGHO
DOPDFHQDMHVRQODUD]yQIXQGDPHQWDOGHODDXVHQFLDGHFLHUUHGHOEDODQFHSHURODVFRQGLFLRQHVGHPH]FODGH
ÀXMRVWXUEXOHQWRVWDPELpQGHVHPSHxDQXQSDSHOLPSRUWDQWHHQODVHVWLPDFLRQHVFRQ¿DEOHVGHHVWRVÀXMRV
5HFLHQWHPHQWHVHKDLQWURGXFLGRHQODOLWHUDWXUDHOHVWXGLRGHOEDODQFHGHHQHUJtDFRPRXQSUREOHPDGH
HVFDOD$TXtVHKDDQDOL]DGRXQiUHDGHRULJHQUHSUHVHQWDWLYDSDUDFDGDÀXMRGHHQHUJtDTXHLQWHUYLHQHHQ
HOEDODQFH\HOFLHUUHVHKDUHDOL]DGRHQIXQFLyQGHODViUHDVFRQKXHOODVGHÀXMRVWXUEXOHQWRV7DPELpQ
VHKDQHVWXGLDGRORVHIHFWRVGHODKHWHURJHQHLGDGGHODVXSHU¿FLH\ODHVWDFLRQDOLGDGSDUDFRPSUHQGHUOD
LQÀXHQFLDGHOFUHFLPLHQWRGHODFXELHUWDYHJHWDOHQHOFLHUUHGHOEDODQFHGHHQHUJtD6HKDQXWLOL]DGRGDWRV
GHDOWDIUHFXHQFLDSDUDFDOFXODUIXQFLRQHVFRHVSHFWUDOHV\GHRMLYDORVFXDOHVVXJLHUHQTXHXQSHULRGRPHGLR
GHPLQSXHGHSHUGHUODVHVFDODVWHPSRUDOHVTXHFRQWULEX\HQDODH[LVWHQFLDGHÀXMRVWXUEXOHQWRV3RU
~OWLPRVHFDOFXODQODVHVWLPDFLRQHVGHHUURUHVDOHDWRULRVGHFDORUVHQVLEOHSDUDSURSRUFLRQDULQIRUPDFLyQ
VREUHGH¿FLHQFLDVHQHOVLVWHPDGHPHGLFLyQ\HOWUDQVSRUWHWXUEXOHQWR
$%675$&7
7KHXVHRIHQHUJ\ÀX[HVGDWDWRYDOLGDWHODQGVXUIDFHPRGHOVUHTXLUHVWKDWHQHUJ\EDODQFHFORVXUHFRQVHU-
YDWLRQLVVDWLV¿HGEXWXVXDOO\WKLVFRQGLWLRQLVQRWYHUL¿HGZKHQWKHDYDLODEOHHQHUJ\LVELJJHUWKDQWKHVXP
RIWXUEXOHQWYHUWLFDOÀX[HV,QWKLVZRUNDFRPSUHKHQVLYHHYDOXDWLRQRIHQHUJ\EDODQFHFORVXUHSUREOHPVLV
SHUIRUPHGRQDGDWDVHWIURP/LYUDJDREWDLQHGE\DPLFURPHWHRURORJLFDOHGG\FRYDULDQFHVWDWLRQORFDWHG
LQDPDL]H¿HOGLQWKH3R9DOOH\(QHUJ\EDODQFHFORVXUHLVFDOFXODWHGE\VWDWLVWLFDOUHJUHVVLRQRIWXUEXOHQW
HQHUJ\ÀX[HVDQGVRLOKHDWÀX[DJDLQVWDYDLODEOHHQHUJ\*HQHUDOO\WKHUHVXOWVLQGLFDWHDODFNRIFORVXUHZLWK
DPHDQLPEDODQFHLQWKHRUGHURI6WRUDJHWHUPVDUHWKHPDLQUHDVRQIRUWKHXQFORVHGHQHUJ\EDODQFHEXW
DOVRWKHWXUEXOHQWPL[LQJFRQGLWLRQVSOD\DIXQGDPHQWDOUROHLQUHOLDEOHWXUEXOHQWÀX[HVWLPDWLRQV5HFHQWO\
introduced in literature, the energy balance problem has been studied as a scale problem. A representative 
VRXUFHDUHDIRUHDFKÀX[RIWKHHQHUJ\EDODQFHKDVEHHQDQDO\]HGDQGWKHFORVXUHKDVEHHQSHUIRUPHGLQ
IXQFWLRQRIWXUEXOHQWÀX[IRRWSULQWDUHDV6XUIDFHKHWHURJHQHLW\DQGVHDVRQDOLW\HIIHFWVKDYHEHHQVWXGLHGWR
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1. Introduction 
6XUIDFHHQHUJ\ÀX[HVDUHLPSRUWDQWIRUDKXJHUDQJH
RI DSSOLFDWLRQVRYHU GLIIHUHQW VSDWLDO DQG WHPSRUDO
VFDOHVIURPÀDVKÀRRGVLPXODWLRQVDWDEDVLQVFDOH
WRZDWHUPDQDJHPHQWLQDJULFXOWXUDODUHDV7KXVLWLV
LPSRUWDQWWRXQGHUVWDQGWKHTXDOLW\RIPHDVXUHGÀX[HV
EHIRUHXVLQJWKHPIRUODQGDWPRVSKHUHVLPXODWLRQV
7KH TXDOLW\ RI HGG\ FRYDULDQFHPHDVXUHPHQWV
LV LQÀXHQFHGQRWRQO\E\SRVVLEOHGHYLDWLRQVIURP
the theoretical assumptions but also by problems 
RI VHQVRU FRQ¿JXUDWLRQV DQGPHWHRURORJLFDO FRQ-
GLWLRQV)RNHQDQG:LFKXUD+RZHYHULWLV
GLI¿FXOWWRLVRODWHWKHFDXVHVRIPHDVXUHPHQWHUURUV
,QVWUXPHQWDO HUURUV XQFRUUHFWHG VHQVRU FRQ¿JXUD-
WLRQV SUREOHPVRI KHWHURJHQHLWLHV LQ WKH DUHD DQG
atmospheric conditions are the main problems that 
DIIHFWGDWDTXDOLW\:LOVRQet al.)RNHQet al., 
)RNHQD-DFREVet al.7KHHGG\
FRYDULDQFHPHWKRGSURGXFHV UHOLDEOH UHVXOWVZKHQ
WKHWKHRUHWLFDODVVXPSWLRQVLQWKHVXUIDFHOD\HUDUH
VDWLV¿HG)RNHQDQG:LFKXUD%DOGRFFKLet al., 
)LVKHUet al.,QSDUWLFXODUWKHRUHWLFDO
UHTXLUHPHQWVVXFKDVVWHDG\VWDWHFRQGLWLRQVKRUL-
]RQWDOKRPRJHQHLW\RIWKH¿HOGYDOLGLW\RIWKHPDVV
FRQVHUYDWLRQ HTXDWLRQ QHJOLJLEOH YHUWLFDO GHQVLW\
ÀX[WXUEXOHQWÀX[HVFRQVWDQWZLWKKHLJKWDQGÀDW
WRSRJUDSK\VKRXOGEHVDWLV¿HG0RUHRYHUWKHVHQ-
VRUVFRQ¿JXUDWLRQVKRXOGEHDQDO\]HGLQUHODWLRQWR
WKHVDPSOLQJGXUDWLRQDQGIUHTXHQF\VHSDUDWLRQRI
WKHVRQLFDQHPRPHWHUDQGJDVDQDO\]HUDQGVHQVRU
SODFHPHQWZLWKLQWKHFRQVWDQWÀX[OD\HUEXWRXWRI
WKHURXJKQHVVVXEOD\HU0HWHRURORJLFDOFRQGLWLRQV
VXFK DV SUHFLSLWDWLRQ HYHQWV DQG ORZ WXUEXOHQFH
HVSHFLDOO\DWQLJKWWLPHFDQOHDGWRHUURUVLQÀX[HV
measurements.
7KH XQEDODQFH RI WKH HQHUJ\ EXGJHW KDV EHHQ
ZLGHO\VWXGLHGLQWKHODVWGHFDGHGXHWRWKHIDFWWKDW
WKHXVHRIHQHUJ\ÀX[HVWRYDOLGDWHODQGVXUIDFHPRG-
HOVUHTXLUHVWKHFORVXUHRIWKHHQHUJ\EDODQFHWREH
VDWLV¿HG7KHHQHUJ\EXGJHWLVW\SLFDOO\QRWFORVHG
ZKHQHQHUJ\ÀX[HVDUHPHDVXUHGZLWKDQHGG\FRYD-
ULDQFH(&VWDWLRQDQGWKHDYDLODEOHHQHUJ\LVELJJHU
WKDQWKHVXPRIWXUEXOHQWYHUWLFDOKHDWÀX[HVZLWKLQ
DUDWLRRI:LOVRQet al., )RNHQet al., 
-DFREVet al., 2008; Ma et al., 7KXVLWLV
LPSRUWDQWWRXQGHUVWDQGWKHGLIIHUHQWIDFWRUVWKDWFDQ
OHDGWRDQLPSURYHPHQWRIWKHHQHUJ\EDODQFHFORVXUH
7KH ¿UVW FDXVH RI WKH ODFN RI HQHUJ\ EDODQFH
FORVXUHLVOLQNHGWRDQLQFRUUHFWLPSOHPHQWDWLRQRI
DFRPSOHWHVHWRILQVWUXPHQWDODQGÀX[FRUUHFWLRQV
as described in Aubinet et al.$[LVURWDWLRQ
VSLNHUHPRYDOWLPHODJFRPSHQVDWLRQDQGGHWUHQG-
LQJDUHWKHSUHOLPLQDU\FRUUHFWLRQSURFHVVHVZKLFK
VKRXOGEHDSSOLHGRQKLJKIUHTXHQF\UDZGDWDVHWV
PHDVXUHGE\DVRQLFDQHPRPHWHUDQGDJDVDQDO\]HU
6XEVHTXHQWO\VSHFWUDOLQIRUPDWLRQORVVHVDLUGHQVLW\
ÀXFWXDWLRQVDQGKXPLGLW\HIIHFWVKDYHWREHWDNHQLQWR
DFFRXQWWRREWDLQUHOLDEOHÀX[HVRIODWHQWDQGVHQVLEOH
KHDW:HEEet al., 0RQFULHIIet al., 9DQ
'LMNet al., 
+RZHYHU ODWHU VWXGLHV GLVFXVV WKH XQEDODQFH
SUREOHPDVDQHIIHFWRI WKH IUDFWLRQDO FRYHUDJHRI
YHJHWDWLRQDQGWKHLQÀXHQFHRIVRLOVWRUDJH)RNHQ
E$GGLWLRQDOVWRUDJHWHUPVOLNHWKHRQHVOLQNHG
to photosynthesis processes or vegetation canopy, 
give a relevant improvement in energy balance clo-
VXUH0H\HUVDQG+ROOLQJHU
'LIIHUHQWWLPHDJJUHJDWLRQFRXOGUHGXFHWKHHI-
IHFWRIVWRUDJHWHUPVEHFDXVHWKH\KDYHDQRSSRVLWH
EHKDYLRU GXULQJGD\WLPH DQGQLJKWWLPH 3DSDOHet 
al., 6RPHUHFHQWZRUNV2QFOH\et al., 
)LQQLJDQet al., VXJJHVWWKDWWKHDYHUDJHGWLPH
JHQHUDOO\PLQFKRVHQWRFDOFXODWHFRYDULDQFHV
FRXOGEHLQDGHTXDWHIRUDVVHVVLQJWXUEXOHQWÀX[HV
$QRJLYHIXQFWLRQIRUHDFKKDOIKRXUGDWDVHWFDQEH
DJRRGLQGLFDWRURIPHDVXUHPHQWHUURUVDVVRFLDWHGWR
such energy balance problems (Oncley et al., 
Moreover, the energy balance closure can be seen 
as a scale problem, because the representativeness 
RI DPHDVXUHGÀX[ LV D VFDOH IXQFWLRQ 0DVVHURQL
et al.,8VXDOO\ IRUKRPRJHQHRXVDUHDV WKH
DVVXPSWLRQ WKDW VRXUFH DUHDV DUH WKH VDPH IRU DOO
ÀX[HVLVFRQVLGHUHGYDOLG+RZHYHUWKHVHDUHDVFDQ
EHVLJQL¿FDQWO\GLIIHUHQWLIWKHIRRWSULQWRIWXUEXOHQW
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ÀX[HVLVFRPSDUHGWRWKHVRXUFHDUHDRIJURXQGKHDW
ÀX[ 6R D SRUWLRQ RI WKH HUURU LQ HQHUJ\ EDODQFH
FORVXUHFDQEHUHODWHGWRWKHGLI¿FXOW\RIPDWFKLQJ
WKH IRRWSULQW DUHD RI HGG\ FRYDULDQFHÀX[HVZLWK
WKHVRXUFHDUHDVRIWKHLQVWUXPHQWVWKDWPHDVXUHQHW
UDGLDWLRQDQGJURXQGKHDWÀX[6FKPLG+VLHK
et al., :LOVRQet al., 
(GG\ÀX[PHDVXUHPHQWVFDQEHXQGHUHVWLPDWHG
GXULQJSHULRGVZLWKORZWXUEXOHQFHDQGDLUPL[LQJ
7KLVXQGHUHVWLPDWLRQDFWVDVDVHOHFWLYHV\VWHPDWLF
error and it generally occurs during nighttime. 
0DVVPDQDQG/HHOLVWHGWKHSRVVLEOHFDXVHV
RI WKLVQLJKWWLPHÀX[HUURU7KHUH LVQRZD ODUJH
FRQVHQVXVUHFRJQL]LQJWKDWWKHPRVWSUREDEOHFDXVH
RIHUURULVWKHSUHVHQFHRIVPDOOVFDOHPRYHPHQWV
DVVRFLDWHGZLWKGUDLQDJHÀRZVRUODQGEUHH]HVWKDW
WDNH SODFH LQ ORZ WXUEXOHQFH FRQGLWLRQV DQG SUR-
YRNHDGHFRXSOLQJEHWZHHQWKHVRLOVXUIDFHDQGWKH
canopy top. In these conditions, advection becomes 
DQLPSRUWDQWWHUPLQWKHÀX[EDODQFHDQGFDQQRWEH
neglected anymore. It has been recently suggested 
)LQQLJDQet al., WKDWFRQWUDU\WRZKDWZDV
WKRXJKW EHIRUH DGYHFWLRQ SUREDEO\ DIIHFWVPRVW
RIWKHVLWHVLQFOXGLQJÀDWDQGKRPRJHQHRXVRQHV
'LUHFWDGYHFWLRQÀX[HVDUHGLI¿FXOWWRPHDVXUHDV
WKH\UHTXLUHVHYHUDOPHDVXUHPHQWWRZHUVDWWKHVDPH
VLWH1RWDEOHDWWHPSWVZHUHPDGHE\$XELQHWet al. 
 )HLJHQZLQWHU et al.  6WDHEOHU DQG
)LW]MDUUDOGDQG0DUFROODet al.ZKR
IRXQGWKDWDGYHFWLRQÀX[HVDUHXVXDOO\VLJQL¿FDQW
GXULQJFDOPZHDWKHUFRQGLWLRQV+RZHYHULQPRVW
cases, the measurement uncertainty is too large to 
DOORZDSUHFLVHHVWLPDWLRQ,QDGGLWLRQVXFKGLUHFW
PHDVXUHPHQWV UHTXLUH DQ H[WUHPHO\ FRPSOLFDWHG
VHWXSWRDOORZURXWLQHPHDVXUHPHQWVDWHDFKVLWH,Q
SUDFWLFHWKHÀX[SUREOHPLVE\SDVVHGE\GLVFDUGLQJ
WKHGDWDFRUUHVSRQGLQJWRORZPL[LQJSHULRGV7KH
IULFWLRQYHORFLW\LVFXUUHQWO\XVHGDVDFULWHULRQWR
GLVFULPLQDWH EHWZHHQ ORZ DQG KLJKPL[LQJ SHUL-
RGV7KLVDSSURDFKLVJHQHUDOO\NQRZQDVWKH³u* 
correction”. Although being currently the best and 
PRVWZLGHO\XVHGPHWKRGWRDYRLGWKHSUREOHPWKH
uFRUUHFWLRQLVDIIHFWHGE\VHYHUDOGUDZEDFNVDQG
PXVWEHDSSOLHGFDUIXOO\
)DFWRUVFRQQHFWHGZLWKJURZLQJYHJHWDWLRQDQG
VHDVRQDOLW\ KDYH EHHQ LQYHVWLJDWHG$V VKRZQ LQ
3DQLQet al.WKHXQEDODQFHFRXOGEHDWWULEXWHG
WRWKHLQÀXHQFHRIVXUIDFHKHWHURJHQHLW\DQGYHJHWD-
WLRQKHLJKWZLWKUHVSHFWWRWKHVHQVRUVSRVLWLRQ
'LIIHUHQWVRXUFHVRIXQFHUWDLQWLHVLQÀX[PHDVXUH-
PHQWVFDQEHVRPHWLPHVGLI¿FXOWWRDVVHVV5DQGRP
PHDVXUHPHQWHUURUVLQÀX[GDWDLQFOXGLQJHUURUVGXH
to the measurement system and turbulence transport, 
have been assessed by Hollinger and Richardson 
 FRPSDULQJ WKHPHDVXUHPHQWV IURP WZR
WRZHUVZLWKWKHVDPHÀX[VRXUFHDUHD³IRRWSULQW´
and by Richardson et al.FRPSDULQJSDLUVRI
PHDVXUHPHQWVPDGHRQ WZR VXFFHVVLYHGD\V IURP
WKH VDPH WRZHU XQGHU HTXLYDOHQW HQYLURQPHQWDO
FRQGLWLRQV$VLPSOHPHWKRGGHVFULEHGLQ0RQFULHII
et al.FDQEHXVHGWRTXDQWLI\WKHLQÀXHQFHRI
random errors on momentum and latent and sensible 
KHDW FDOFXODWLQJ D GHJUHH RI XQFHUWDLQW\ IRU HDFK
WXUEXOHQWÀX[
,Q WKLVZRUN UHOHYDQW ¿QGLQJV RQ WKH HQHUJ\
EDODQFHFORVXUHSUREOHPRYHUDPDL]H¿HOGLQWKH
3R9DOOH\DUHVXPPDUL]HGPDLQO\RQWKHEDVLVRI
UHFHQWLQYHVWLJDWLRQZRUNVVXFKDVWKRVHE\:LO-
son et al.2QFOH\et al.DQG)RNHQ
E7XUEXOHQW ÀX[HV IURPD UDZGDWD VHW RI
KLJKIUHTXHQF\PHDVXUHPHQWVDUHREWDLQHGXVLQJ
WKH(GG\3URVRIWZDUHZLWKWKHPDLQREMHFWLYH
RIVWDQGDUGL]LQJWKHFRUUHFWLRQSURFHGXUHRIHGG\
FRYDULDQFHPHDVXUHPHQWV7KHLPSDFWRIHDFKLQ-
YHVWLJDWHGIDFWRULVTXDQWL¿HGE\WKHVORSHDQGLQ-
WHUFHSWYDOXHVEHWZHHQWXUEXOHQWYHUWLFDOKHDWÀX[HV 
ODWHQWKHDWVHQVLEOHKHDWDQGJURXQGKHDWÀX[HV
DQGDYDLODEOHHQHUJ\QHWUDGLDWLRQIURPDUHJUHV-
VLRQDQDO\VLVRQDKDOIKRXUO\EDVLV(DFKH[DPLQHG
IDFWRULVVWXGLHGVHSDUDWHO\WRLPSURYHWKHXQGHU-
VWDQGLQJRILWVLPSDFWRQWKHHQHUJ\EDODQFHFORVXUH
7KHRUHWLFDO EDFNJURXQGV DUH QRW VXPPDUL]HG LQ
a separate chapter, but they are included in each 
VXESDUDJUDSK WR LPSURYH WKH GHVFULSWLRQ RI WKH
H[DQLPDWHGSUREOHPV2QO\SUDFWLFDOIRUPXODVDUH
VKRZQZKLOHPDWKHPDWLFDODSSURDFKHVDUHTXRWHG
in literature. 
2. Instruments, data collection and site description 
7KHH[SHULPHQWDOFDPSDLJQZDVFDUULHGRXWRYHUD
PDL]H¿HOGDW/LYUDJD/2LQWKH3R9DOOH\GXULQJ
WKH\HDU7KH¿HOG LVDERXWKHFWDUHV ORQJ
)LJDQGWKHORFDORYHUDOOWRSRJUDSK\LVÀDW,Q
WKHPLGGOHRIWKH¿HOGDQLVODQGRIDERXWP2 is 
designed to include agro-micrometeorological in-
struments and devices. 
Eddy covariance data are measured by a tridimen-
sional sonic anemometer (Young 81000, Campbell 
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6FLHQWL¿FDQGDQRSHQSDWKJDVDQDO\]HU/,
E\/,&25,QGXVWU\ ORFDWHGDW WKH WRSRI D WRZHU
DSSUR[LPDWHO\PDERYHWKHJURXQG+LJKIUHTXHQF\
+]PHDVXUHPHQWVDUHVWRUHGLQDFRPSDFWÀDVK
RI*EFRQQHFWHGWRWKHGDWDORJJHU&5&DPS-
EHOO6FLHQWL¿FDQGGRZQORDGHGLQVLWXZHHNO\2QO\
WKUHHZLQGYHORFLW\FRPSRQHQWVVRQLFWHPSHUDWXUH
YDSRUDQGFDUERQGLR[LGHFRQFHQWUDWLRQVUDZGDWD
DUHVWRUHGLQWKHFRPSDFWÀDVK6LPXOWDQHRXVO\QHW
radiation —measured by a radiometer (CNR1 by 
.LSS	=RQHQDWDKHLJKWRIP²VRLOKHDWÀX[
²PHDVXUHGZLWKDÀX[SODWH+)3E\&DPSEHOO
6FLHQWL¿FDWDGHSWKRIFPIURPWKHJURXQGDQG
tested according to the Masseroni et al. D
PHWKRG²DQGVRLOWHPSHUDWXUH²PHDVXUHGE\WZR
WKHUPRFRXSOHV DW DGHSWKRI DQG FP IURP WKH
JURXQG²DUHVWRUHGRQWKHGDWDORJJHULQGLIIHUHQW
PHPRU\WDEOHV6RLOPRLVWXUHGHWHFWHGE\D&6
SUREH E\&DPSEHOO 6FLHQWL¿F DW GLIIHUHQW OHYHOV
DQGFPDQGUDLQDUHDOVRPHDVXUHGLQWKH
LVODQG$YHUDJHGÀX[HVDUHFDOFXODWHGRYHU D WLPH
VWHSRIPLQ
([SHULPHQWDOPHDVXUHPHQWVZHUHFDUULHGRXWIURP
May 21 to September 7, but the dataset is composed 
only by 3103 averaged data, because some gaps due to 
PDOIXQFWLRQLQJRIWKHLQVWUXPHQWVRUUDLQIDOOGD\VDUH
VKRZQLQWKHGDWDVHTXHQFHV)URPWKH-XOLDQGD\V 
WRRIWKHWKH¿HOGLVFRYHUHGE\YHJHWDWLRQZKLOH
WKHUHPDLQLQJGD\VRIWKH\HDULWLVFKDUDFWHUL]HGE\
EDUHVRLO9HJHWDWLRQKHLJKWYDULHVIURPWRFP
DQGWKHFDQRS\JURZWKWKURXJKRXWWKHSURMHFWFDQEH
VSDWLDOO\FRQVLGHUHGKRPRJHQHRXVDFURVVWKH¿HOG
:LQGGLUHFWLRQJHQHUDOO\IURPWKHZHVWGXULQJGD\-
WLPHDQGIURPWKHHDVWGXULQJQLJKWWLPHLVTXLWHVWHDG\
but some days it is strongly variable. Considering 
HDFKZLQGGLUHFWLRQWKHHGG\WRZHUSRVLWLRQLVFRP-
SDWLEOHZLWK WKH FRQVWDQWÀX[ OD\HU &)/ (OOLRW
&)/LVGH¿QHGDVWRRIWKHLQWHUQDO
ERXQGDU\ OD\HU %DOGRFFKL DQG5DR DQG LW
UHSUHVHQWV D VSDFHDUHDZKHUHPHDVXUHGÀX[HVE\
WKHHGG\WRZHUDUHFRQVWDQW$SSO\LQJ(OOLRW¶V
IRUPXODLQXQIDYRXUDEOHFRQGLWLRQVRIEDUHVRLOZLWK
DFDOFXODWHGDHURG\QDPLFURXJKQHVVRIDERXWP
*DUUDWWWKH&)/GHSWKDWWKHWRZHULVDERXW
PHQVXULQJWKDWWKHHGG\FRYDULDQFHLQVWUXPHQWV
WULGLPHQVLRQDOVRQLFDQHPRPHWHUDQGJDVDQDO\VHU
UHPDLQZLWKLQWKH&)/
During the summer period the site is typically 
FKDUDFWHUL]HGE\DFORXGIUHHVN\LQDVVRFLDWLRQZLWK
KLJKODWHQWKHDWÀX[DQGQHWUDGLDWLRQYDOXHVRIDERXW
DQG:P–2, respectively. Cumulated rain over 
WKHH[SHULPHQWDOSHULRGLVDERXWPPZKLOHVRLO
PRLVWXUHPHDVXUHGDWDGHSWKRIFPYDULHVEHWZHHQ
PD[LPXPDQGPLQLPXPSHDNVRIDERXWDQG
respectively. 
3. The energy balance closure problem
(QHUJ\EDODQFHFORVXUHDIRUPXODWLRQRIWKH¿UVWODZ
RIWKHUPRG\QDPLFVUHTXLUHVWKDWWKHVXPRIODWHQW
heat (LEVHQVLEOHKHDWHDQGJURXQGKHDWÀX[G
LVHTXDOWRDOORWKHUHQHUJ\VLQNVRUVRXUFHV(T
LE + H + G = Rn 
ZKHUHRnLVWKHQHWUDGLDWLRQ*HQHUDOO\ÀX[HVDUH
typically integrated over 30-min periods, thus build-
ing the basis to calculate energy balance on annual 
WLPHVFDOHV7KHVORSHJLYHQE\LE + H + GRn–1
DQGLQWHUFHSWYDOXHVRIWKHUHJUHVVLRQOLQHTXDQWLI\
WKHUHOLDELOLW\RIWKHHQHUJ\EDODQFHFORVXUHZKLFKLV
FORVHWRLQDQLGHDOFDVH,QWKHIROORZLQJVHFWLRQV
UHOHYDQW¿QGLQJVRQWKHHQHUJ\EDODQFHFORVXUHDUH
VXPPDUL]HG DQGGDWD SURFHVVLQJ UHVXOWV XVLQJ WKH
H[SHULPHQWDOPHDVXUHPHQWVDUHVKRZQ
3.1 Effects of data correction
In this sub-section, the procedures necessary to obtain 
UHOLDEOHÀX[HVVWDUWLQJIURPKLJKIUHTXHQF\UDZGDWD
VHWDUHEULHÀ\GHVFULEHG&RUEDULet al.
Eddy covariance measurements have to be cor-
UHFWHGWRREWDLQUHOLDEOHWXUEXOHQWÀX[HVRIODWHQWDQG
VHQVLEOHKHDW%HIRUHFDOFXODWLQJÀX[HVWZRJURXSV
RIFRUUHFWLRQVVKRXOGEHLPSOHPHQWHG³LQVWUXPHQWDO´
DQG³SK\VLFDO´FRUUHFWLRQV
MILAN
Livraga
North
Eddy covariance station
100 m
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Instrumental corrections can be considered as 
preliminary processes that have to be directly applied 
RQKLJKIUHTXHQF\PHDVXUHPHQWVWRSUHSDUHWKHGDWD
VHWIRUÀX[HVFDOFXODWLRQ
3.1.1 Axis rotation for tilt correction
7LOW FRUUHFWLRQDOJRULWKPVDUHQHFHVVDU\ WR FRUUHFW
ZLQG VWDWLVWLFV IRU DQ\PLVDOLJQPHQW RI WKH VRQLF
DQHPRPHWHUZLWKUHVSHFWWRWKHORFDOZLQGVWUHDP-
OLQHV:LOF]DNet al.SURSRVHWKUHHW\SRORJLHV
RIFRUUHFWLRQDOJRULWKPVDQGIRUWKH/LYUDJD
GDWDVHW D GRXEOH URWDWLRQPHWKRGZDV XVHG:LWK
this method the anemometer tilt is compensated by 
URWDWLQJUDZZLQGFRPSRQHQWVWRQXOOLI\WKHDYHUDJH
FURVVVWUHDPDQGYHUWLFDOZLQGFRPSRQHQWV
3.1.2 Spike removal
7KHVRFDOOHGGHVSLNLQJSURFHGXUHFRQVLVWVLQGH-
tecting and eliminating short term outranged values 
LQ WKH WLPH VHULHV )ROORZLQJ9LFNHUV DQG0DKUW
DVSLNHLVUHSUHVHQWHGE\DVLQJOHFRQVHF-
XWLYH YDOXH RU DPD[LPXPRI WKUHH FRQVHFXWLYH
YDOXHVWKDWLVRXWVLGHWKHSODXVLEOHUDQJHGH¿QHG
ZLWKLQDFHUWDLQWLPHZLQGRZWKDWPRYHVWKURXJKRXW
the time series. 
3.1.3 Time lag compensation
,QDQRSHQSDWKV\VWHPWKH WLPHODJEHWZHHQDQH-
mometric variables and variables measured by a gas 
DQDO\]HULVGXHWRWKHSK\VLFDOGLVWDQFHEHWZHHQWKH
WZR LQVWUXPHQWVZKLFKDUHXVXDOO\SODFHG VHYHUDO
GHFLPHWHUVRUOHVVDSDUWWRDYRLGPXWXDOGLVWXUEDQF-
HV7KHZLQG¿HOGWDNHVVRPHWLPHWRWUDYHOEHWZHHQ
ERWK LQVWUXPHQWVZKLFK UHVXOWV LQ D FHUWDLQ GHOD\
EHWZHHQWKHVDPSOLQJRIWKHVDPHDLUSDUFHOE\HDFK
RQHRIWKHWZRLQVWUXPHQWV5XQNOHet al.
3.1.4 Detrending
7KH HGG\ FRUUHODWLRQPHWKRG IRU FDOFXODWLQJÀX[-
HV UHTXLUHV WKDW WKHÀXFWXDWLQJ FRPSRQHQWV RI WKH 
PHDVXUHGVLJQDOVDUHGHULYHGE\VXEWUDFWLQJWKHPIURP
the mean signals. In steady-state conditions simple 
OLQHDUPHDQVZRXOGEHDGHTXDWHEXWVWHDG\VWDWHFRQ-
GLWLRQVUDUHO\H[LVWLQWKHDWPRVSKHUHDQGLWLVQHFHVVDU\
WRUHPRYHWKHORQJWHUPWUHQGVLQWKHGDWDZKLFKGR
QRWFRQWULEXWHWRWKHÀX[*DVKDQG&XOI
$IWHU FRPSOHWLQJ WKH SUHOLPLQDU\ SURFHVVHV
physical corrections have to be implemented. Spec-
WUDOLQIRUPDWLRQORVVHVDLUGHQVLW\ÀXFWXDWLRQVDQG
KXPLGLW\HIIHFWVRQVRQLFWHPSHUDWXUHDUHWDNHQLQWR
DFFRXQWLQDFFRUGDQFHZLWKWKHSURFHGXUHGHVFULEHG
in Ueyama et al.
3.1.5 Spectral correction
6SHFWUDOFRUUHFWLRQVFRPSHQVDWHÀX[XQGHUHVWLPDWLRQV
GHULYHGIURPWZRGLVWLQFWHIIHFWV7KH¿UVWHIIHFWLVUH-
IHUUHGWRÀX[HVWKDWDUHFDOFXODWHGRQD¿QLWHDYHUDJLQJ
time, implying that longer-term turbulent contributions 
DUHXQGHUVDPSOHGDWVRPHH[WHQWRUFRPSOHWHO\7KH
FRUUHFWLRQRIWKHVHÀX[ORVVHVLVUHIHUUHGWRDV³KLJK
SDVV¿OWHULQJ´EHFDXVH WKHGHWUHQGLQJPHWKRGDFWV
VLPLODUO\WRDKLJKSDVV¿OWHUDWWHQXDWLQJÀX[FRQWULEX-
WLRQVLQWKHIUHTXHQF\UDQJHFORVHWRWKHÀX[DYHUDJLQJ
LQWHUYDO7KHVHFRQGHIIHFWLVUHODWHGWRLQVWUXPHQWDO
DQGVHWXSOLPLWDWLRQVWKDWGRQRWDOORZVDPSOLQJRI
WKH IXOO VSDWLRWHPSRUDO WXUEXOHQFHÀXFWXDWLRQV DQG
QHFHVVDULO\ LPSO\ VRPHVSDFHRU WLPHDYHUDJLQJRI
VPDOOHU HGGLHV DVZHOO DV DFWXDOGDPSHQLQJRI WKH
VPDOOVFDOH WXUEXOHQWÀXFWXDWLRQV 0RQFULHIIet al., 
0DVVHURQLet al.E
3.1.6 WPL correction
7KHRSHQSDWKJDVDQDO\]HUGRHVQRWPHDVXUHQRQGL-
PHQVLRQDOFDUERQGLR[LGHDQGZDWHUYDSRUFRQFHQ-
WUDWLRQVDVPL[LQJUDWLRVEXWLWGRHVPHDVXUHFDUERQ
GLR[LGHDQGZDWHUYDSRUGHQVLWLHV)RUWKLVUHDVRQ
the trace gaVÀX[WKDWLVPHDVXUHGE\WKLVDQDO\]HU
QHHGVWREHFRUUHFWHGIRUWKHPHDQYHUWLFDOÀRZGXHWR
DLUGHQVLW\ÀXFWXDWLRQ:HEEet al.VXJJHVWHG
WKDWWKHÀX[GXHWRWKHPHDQYHUWLFDOÀRZFDQQRWEH
QHJOHFWHG IRU WUDFHJDVHV VXFKDVZDWHUYDSRUDQG
FDUERQGLR[LGH7R HYDOXDWH WKHPDJQLWXGH RI WKH
LQÀXHQFHH[HUWHGE\WKHPHDQYHUWLFDOÀRZ:HEE
et al.DVVXPHGWKDWWKHYHUWLFDOÀX[RIGU\DLU
VKRXOGEH]HUR3UDFWLFDOO\VHQVLEOHDQGODWHQWKHDW
ÀX[HVHYDOXDWHGE\WKHHGG\FRYDULDQFHWHFKQLTXH
DUHXVHGWRFDOFXODWHZDWHUYDSRUDQGFDUERQGLR[LGH
ÀX[HVE\WKHPHDQYHUWLFDOÀRZWPLFRUUHFWLRQ
3.1.7 VD correction
7KHVRQLFDQHPRPHWHUPHDVXUHVZLQGYHORFLW\FRP-
ponents and sonic temperature. Sonic temperature, 
ZKLFKLVWKHEDVLVRIWKHVHQVLEOHKHDWFDOFXODWLRQLV
DIIHFWHGERWKE\KXPLGLW\DQGYHORFLW\ÀXFWXDWLRQV
9DQ'LMNet al.UHYLVLQJWKHH[SHULPHQWFDUULHG
out by Schotanus et alGH¿QHDFRUUHFWLRQ
WHUPWREHDSSOLHGRQWKHVHQVLEOHKHDWIRUPXODLQ
RUGHUWRREWDLQDUHOLDEOHÀX[9'FRUUHFWLRQ
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7KH LPSDFW RI FRUUHFWLRQV RQ WXUEXOHQW ÀX[HV
DVDFRQVHTXHQFHRIWKHSURFHGXUHGHVFULEHGDERYH
FDQEHIRXQGHGLQWKHZRUNRI8H\DPDet al.
$VVKRZQLQ)LJXUHZKHUHWKHHQVHPEOHPHDQVRI
GLXUQDOYDULDWLRQVRIWXUEXOHQWÀX[HVRYHUWKHZKROH
H[SHULPHQWDOSHULRGDUHFRPSXWHGLIFRUUHFWLRQSUR-
FHGXUHVDUHQRWDSSOLHG)LJDODWHQWVHQVLEOHDQG
JURXQGKHDWÀX[HVFROODSVHWR]HURGXULQJGD\WLPH
ZKLOHLQQLJKWWLPHRYHUHVWLPDWLRQVRIODWHQWDQGVHQ-
VLEOHKHDWSURGXFHXQVDWLVIDFWRU\ÀX[LQWHUSUHWDWLRQV
,QVWHDGLIFRUUHFWLRQSURFHGXUHVDUHDSSOLHG)LJE
WKHÀX[HVSDUWLWLRQLQJLVTXLWHVLPLODUWRWKDWVKRZQ
LQPDQ\OLWHUDWXUHZRUNV
7KHHQHUJ\EDODQFHFORVXUHFDOFXODWHGDIWHUFRUUHF-
WLRQSURFHGXUHVZHUHDSSOLHGRQO\RQODWHQWDQGVHQ-
VLEOHKHDWÀX[HVLVZLWKDFRUUHODWLRQFRHI¿FLHQW
(R2RIDERXWDQGDQLQWHUFHSWRIDERXW:P–2.
3.2 Effect of the storage terms
Eddy covariance measurements are based on 
WXUEXOHQW DLUPL[LQJ DQG YHUWLFDO ÀX[ H[FKDQJHV
6RPHWLPHVDSRUWLRQRIODWHQWDQGVHQVLEOHKHDWLV
VWRUHGEHORZWKHPHDVXUHPHQWSRLQWDQGWKHVHFRQ-
centrations are not measured by the anemometer and 
JDVDQDO\]HU8VXDOO\ZKHQFDQRS\FRYHUVWKH¿HOG
WKHHIIHFWRILWVKHDWVWRUDJHDQGSKRWRV\QWKHVLVÀX[
LQFUHDVHGUDVWLFDOO\UHDFKLQJDYDOXHRIDERXW
RIQHWUDGLDWLRQ0H\HUVDQG+ROOLQJHU7KH
EHVWZD\WRFRPSXWHWKHVWRUDJHÀX[LVE\GHGXFLQJ
LW IURP D FRQFHQWUDWLRQ SUR¿OHPHWKRG LQVLGH WKH
FDQRS\ 3DSDOHet al., +RZHYHU D GLVFUHWH
HVWLPDWLRQEDVHGRQO\RQFRQFHQWUDWLRQVDWWKHWRZHU
top is used on many sites (Meyers and Hollinger, 
0RUHRYHUDFRUUHFWLRQLVUHTXLUHGWRDFFRXQW
IRUWKHKHDWVWRUDJHWKDWRFFXUVLQWKHOD\HUEHWZHHQ
WKHVRLOVXUIDFHDQGWKHKHDWÀX[SODWH0D\RFFKLDQG
%ULVWRZ7KXV(TFDQEHUHZULWWHQZLWK
WKHDGGLWLRQRIWKHVWRUDJHWHUPV(T
LE + H + G + Sg + Sc + Sp = Rn 
ZKHUHSp LVWKHHQHUJ\ÀX[IRUSKRWRV\QWKHVLVSc is the 
FDQRS\KHDWVWRUDJHLQELRPDVVDQGZDWHUFRQWHQWDQG
Sg is the ground heat storage above the soil heat plate. 
/DWHQWDQGVHQVLEOHKHDWÀX[HVDUHFRPSXWHGDQGDOO
corrections described in Ueyama et al.DUHDS-
SOLHG1HWUDGLDWLRQLVGLUHFWO\PHDVXUHGZLWKWKHUDGL-
RPHWHUZKLOHGLVSHUIRUPHGXVLQJWKHPHDVXUHPHQWV
REWDLQHGZLWKWKHKHDWÀX[SODWHDQGWKHUPRFRXSOHV
DSSO\LQJWKHPHWKRGTXRWHGLQ.XVWDVet al.
7KHKHDWVWRUDJHWHUPVIRUWKHORFDOVXUIDFHHQHUJ\
balance are calculated by computing the total enthal-
S\FKDQJHRYHUDJLYHQWLPHLQWHUYDOǻtZKLFKLV
PLQ)RUWKHFDQRS\WKHUDWHFKDQJHLQHQWKDOS\
LVGHVFULEHGE\(T
( )
t
cmcmT
S bbwwac
+
=  
ZKHUHǻta LV WKH WHPSHUDWXUH H[FKDQJH RYHU WKH
FDQRS\ GLUHFWO\PHDVXUHG E\ D UDGLRPHWHU 3ODQW
ZDWHUPDVVmwELRPDVVmbGHQVLW\VSHFL¿FKHDW
IRUSODQWZDWHUcwDQGELRPDVVcbZHUHGLUHFWO\
HVWLPDWHG E\0H\HUV DQG+ROOLQJHU ZKR
ZHLJKHGGULHGDQGZHLJKHGWKHPDL]HSODQWDJDLQLQ
RUGHUWRDVVHVVLWVZDWHUFRQWHQWDQGELRPDVVGHQVLW\
$VLPLODUSURFHGXUHIRUKHDWVWRUDJHLQWKHVRLOVXUIDFH
LVIROORZHG(T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ZKHUHǻts LVWKHWHPSHUDWXUHH[FKDQJHLQWKHVRLOmsw 
LVWKHGHQVLW\RIZDWHUșw is the measured volumetric 
FRQWHQWPHDVXUHGZLWKDVRLOPRLVWXUHSUREHDWDFP 
GHSWKǻz is the depth above the soil heat plate up to 
WKHJURXQGVXUIDFHȡs LV WKHVRLOEXONGHQVLW\DQG
cs LV WKH VSHFL¿FKHDWFDSDFLW\RI VRLO .XVWDVDQG
'DXJKWU\
7KHOLJKWHQHUJ\WUDQVIRUPHGLQWKHSKRWRV\QWKHWLF 
process to carbon bond energy in the biomass has 
ORQJEHHQLJQRUHGZKHQFRPSDUHGWRRWKHUWHUPVLQ
WKHVXUIDFHHQHUJ\EDODQFH+RZHYHUDVWKHODFNRI
FORVXUHLQVXUIDFHHQHUJ\EDODQFHFRQWLQXHVLQWULJX-
LQJ UHVHDUFKHUV 0H\HUV DQG+ROOLQJHU  DOO
RIWKHGDWDSURFHVVLQJPHWKRGVDQGWHUPVVKRXOGEH
reevaluated.
$QDO\]LQJWKHIRUPDWLRQRIJOXFRVHLQLWVFKHPLFDO
UHDFWLRQ(TDQHVWLPDWHRIWKHHQHUJ\XVHGLQ
SKRWRV\QWKHVLVLVREWDLQHGIURPWKHQHWVXPRIHQHUJ\
UHTXLUHGWREUHDNWKHERQGVRIWKHUHDFWDQWVDQGWKRVH
LQWKHJHQHUDWLRQRIJOXFRVHDQGR[\JHQ
+22&22 ֜22 + CH12O 
7KLVLVWKHVRODUHQHUJ\ZKLFKLVQRZVWRUHGLQ
WKHERQGVRIFDUERK\GUDWH,WLV§N-SHUPROHRI
CO2¿[HGE\SKRWRV\QWKHVLV1REHO$FDQR-
S\DVVLPLODWLRQUDWHRIPJ&22 mí síHTXDWHVWR
DQHQHUJ\ÀX[RI:Pí7KLVFRQYHUVLRQIDFWRU
is used to compute the measured photosynthesis 
UDWHVIURPWKHHGG\FRYDULDQFHPHDVXUHPHQWVWRDQ
HTXLYDOHQWHQHUJ\ÀX[
,Q DFFRUGDQFHZLWK WKH0H\HUV DQG+ROOLQJHU
SURFHGXUHVWRUDJHWHUPVDUHFRPSXWHGIRUWKH
daytime period only, and data are grouped into 2-h 
ELQVEHJLQQLQJDWDPDQGHQGLQJDWSP
7KHDYHUDJHGGD\WLPHVWRUDJHÀX[HVIRUWKHZKROH
H[SHULPHQWDOSHULRGDUHSUHVHQWHGLQ)LJXUH)LJXUH
DVKRZVWKDWWKHKHDWVWRUDJHLQWKHVRLOLVJUHDWHU
WKDQWKHRWKHUVWRUDJHÀX[HV,WVWUHQGLVFKDUDFWHUL]HG
E\DSHDNRIDERXW:P–2LQFRUUHVSRQGHQFHZLWK
midday. During the morning, heat storage in the soil 
LQFUHDVHVZKLOHLQWKHDIWHUQRRQLWGHFUHDVHVGRZQ
WR:P–27KHSKRWRV\QWKHVLVVWRUDJHWHUPKDVD
VLPLODUEHKDYLRUZLWKDSHDNRIDERXW:P–2ZKLOH
the canopy heat storage term tends to decrease during 
WKHGD\)LJXUHEVKRZVWKHUDWLREHWZHHQWKHVXPRI
VWRUDJHWHUPVWRWDOVWRUDJH DQGQHWUDGLDWLRQZKLFK
UHSUHVHQWVWKHDYDLODEOHHQHUJ\LQWKHHFRV\VWHP7KH
VWRUDJHÀX[HVFRQVWLWXWHDVLJQL¿FDQWIUDFWLRQRIWKH
DYDLODEOHHQHUJ\ZLWKDUDWLRRIDERXWZKLFKLV
TXLWHFRQVWDQWIURPDPWRSPZKLOHLW
WHQGVWRGHFUHDVHLQWKHODWHDIWHUQRRQ
7KHHIIHFWRIVWRUDJHWHUPVRQWKHVXUIDFHHQHUJ\
EDODQFHLVH[DPLQHGE\FRPSDULQJWKHVXPRIH, LE 
and G ZLWKDQGZLWKRXWHDFKVWRUDJHÀX[DJDLQVWRn 
IRUWKHGD\WLPHSHULRGVRYHUWKHZKROHH[SHULPHQWDO
FDPSDLJQ)RUWKHPDL]H¿OHGZLWKRXWLQFOXGLQJWKH
VWRUDJHWHUPVWKHVORSHIURPDVLPSOHOLQHDUUHJUHV-
VLRQLVZLWKDQR2RIDERXW)LJ:KHQ
WKHVWRUDJHWHUPVLQWKHVXUIDFHHQHUJ\EDODQFHDUH
LQFOXGHGWKHVORSHRIWKHOLQHDUUHJUHVVLRQWHQGVWR
LQFUHDVHXSWRZLWKDQR2 RIDERXWDQGDQ
LQWHUFHSWRIDERXW:P–2,IFORVXUHVWRUDJHWHUPV
are included in the energy balance, the systematic 
HUURULQÀX[HVGHVFULEHGE\OLQHDUUHJUHVVLRQLQWHU-
FHSW LVFKDUDFWHUL]HGE\DGUDVWLFGHFUHDVLQJIURP
 WR :P–2$V H[SODLQHG LQ )RNHQ D
the ground heat storage has to be added to soil heat 
ÀX[LQRUGHUWRREWDLQUHOLDEOHGÀX[HVWLPDWLRQV,Q
IDFWDVVKRZQLQ)LJXUHWKHJURXQGVWRUDJHWHUP
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SOD\VDIXQGDPHQWUROHLQWKHHQHUJ\EDODQFHFORVXUH
LPSURYHPHQWKDYLQJDSRVLWLYHLQÀXHQFHRIDERXW
ZKLFKLVHTXDOWRDERXWRIWKHWRWDOHQHUJ\
EDODQFH LPSURYHPHQWZKHQFRQVLGHULQJ WKHZKROH
storage terms. 
$OWKRXJKWKHGD\WLPHHQHUJ\EDODQFHZLWKWRWDO
VWRUDJHWHUPVLVFORVHGZLWKLQRQDYHUDJHFOR-
VXUHGH¿FLWPD\EHDFRQVHTXHQFHRIDQLQDFFXUDWH
GÀX[HVWLPDWLRQZKLFKLVH[WUHPHO\GLIIHUHQWLQWKH
VSDWLDOFRQWH[WDVGHVFULEHGE\:LOVRQet al.
0RUHRYHUVWRUDJHÀX[HVREWDLQHGE\DVLQJOHSRLQW
PHDVXUHPHQWFDQEHXQGHUHVWLPDWHGZLWKUHVSHFWWR
WKHPRUHFRPSOLFDWHGSUR¿OHPHWKRGV
,QWKHFRPPRQSUDFWLFHKHDWVRLOÀX[PHDVXUHG
E\WKHKHDWVRLOSODWHLVXVXDOO\FRUUHFWHGZLWKWKH
JURXQGVWRUDJHWHUP7KXVWKHJURXQGKHDWVWRUDJH
term is already included in the GÀX[LQWKHIROORZLQJ
sections. 
3.3 Effect of time aggregation 
$VGHVFULEHGLQ)RNHQEDQHQHUJ\WUDQVSRUW
ZLWK ODUJH HGGLHVZKLFK FDQQRW EHPHDVXUHGZLWK
WKHHGG\FRYDULDQFHPHWKRG LV DVVXPHGDVRQHRI
WKHPDLQUHDVRQVRIFORVXUHSUREOHPV,QOLWHUDWXUH
several methods are discussed to investigate this 
SUREOHP6DNDLet al., )LQQLJDQet al., 2003; 
)RNHQet al., $SSUR[LPDWHO\\HDUVDJRWKH
RJLYHIXQFWLRQZDVLQWURGXFHGLQWRWKHLQYHVWLJDWLRQ
RIWXUEXOHQWÀX[HV2QFOH\et al., )ULHKH
7KLVIXQFWLRQZDVSURSRVHGDVDWHVWWRFKHFNLIDOO
ORZIUHTXHQF\SDUWVDUHLQFOXGHGLQWKHWXUEXOHQWÀX[
PHDVXUHGZLWKWKHHGG\FRYDULDQFHPHWKRG)RNHQ
et al.7KHRJLYHIXQFWLRQLVWKHFXPXODWLYH
LQWHJUDORIWKHFRVSHFWUXPVWDUWLQJZLWKWKHKLJKHVW
IUHTXHQFLHVDVGHVFULEHGLQ(T
=
0
)()( 0
f
wxwx dffCofOg  
ZKHUHCowxLVWKHFRVSHFWUXPRIDWXUEXOHQWÀX[w is 
WKHYHUWLFDOZLQGFRPSRQHQWxLVWKHKRUL]RQWDOZLQG
component or scalar, and fLVWKHIUHTXHQF\6HQVLEOHDQG
ODWHQWKHDWÀX[FRVSHFWUXPVDQGWKHLURJLYHIXQFWLRQV
DUHUHVSHFWLYHO\VKRZQLQ)LJXUH)LJXUHDSUHVHQWV
DQH[DPSOHRIDQRJLYHIXQFWLRQDQGFRVSHFWUXPIRU
w'T 'RQ-XO\DWSPLVVKRZQZKLOH)LJE
VKRZVH[DPSOHRIDQRJLYHIXQFWLRQDQGFRVSHFWUXP
IRUw'H2O ' on August 11 at 03:30 a.m. 
In the convergent case ()LJDWKHRJLYHIXQFWLRQ
LQFUHDVHVGXULQJWKHLQWHJUDWLRQIURPKLJKIUHTXHQFLHV
WRORZIUHTXHQFLHVXQWLODFHUWDLQYDOXHLVUHDFKHGDQG
UHPDLQVRQDPRUHRUOHVVFRQVWDQWSODWHDXEHIRUHD
PLQLQWHJUDWLRQWLPH,IWKLVFRQGLWLRQLVIXOO¿OOHG
WKH PLQ FRYDULDQFH LV D UHOLDEOH HVWLPDWH IRU
WKH WXUEXOHQWÀX[EHFDXVH LW LVSRVVLEOH WR DVVXPH 
WKDWWKHZKROHWXUEXOHQWVSHFWUXPLVFRYHUHGZLWKLQ
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WKDW LQWHUYDODQGWKHUHDUHRQO\QHJOLJLEOHÀX[FRQ-
WULEXWLRQV IURP ORQJHUZDYHOHQJWKV FDVH%XW LW
FDQDOVRRFFXUWKDWWKHRJLYHIXQFWLRQVKRZVDQH[-
WUHPHYDOXHDQGGHFUHDVHVDJDLQDIWHUZDUGVFDVH 
)LJE RU WKDW WKHRJLYH IXQFWLRQGRHVQRW VKRZ
DSODWHDXEXW LQFUHDVHV WKURXJKRXW FDVH2JLYH
IXQFWLRQVFRUUHVSRQGLQJWRFDVHVRULQGLFDWHWKDW
DPLQÀX[HVWLPDWHLVSRVVLEO\LQDGHTXDWH)RNHQ
et al.GH¿QHWKUHVKROGVIRURJLYHFKDUDFWHULVWLF
EHKDYLRUVLQRUGHUWRSUHVFULEHLIDQRJLYHEHORQJVWR
case 1, 2 or 3. 
)URPWKHRJLYHDQDO\VLVSHUIRUPHGIRUODWHQWDQG
VHQVLEOH KHDW ÀX[HV RYHU WKHZKROH H[SHULPHQWDO
period, the 30-min averaging interval appears to be 
VXI¿FLHQWWRFRYHUDOOUHOHYDQWÀX[FRQWULEXWLRQVZLWK
DSSUR[LPDWHO\LQFOXGHGLQFDVHZKLOHRQO\
EHORQJWRFDVHVDQG
)LQQLJDP et al.  SURSRVH D VLWHVSHFL¿F
H[WHQVLRQRIWKHDYHUDJLQJWLPHXSWRVHYHUDOKRXUV
WRFORVHWKHHQHUJ\EDODQFH)LJXUHVKRZVHQHUJ\
EDODQFHFORVXUHVZLWKUHIHUHQFHWRHQHUJ\ÀX[DJJUH-
JDWLRQVDWGLIIHUHQWWHPSRUDOVFDOHV
7KHVORSHWHQGVWRLQFUHDVHLIDODUJHDYHUDJLQJWLPH
LVFRQVLGHUHGEXWLIDQDJJUHJDWLRQSHULRGRIKLV
H[DPLQHGWKHOLQHDUUHJUHVVLRQLVTXLWHVLPLODU
WRWKDWFDOFXODWHGZLWKKDOIKRXUO\GDWD,QVWHDG
ZLWKDQDJJUHJDWLRQWLPHSHULRGHTXDOWRKWKHVORSH
KDVDODUJHLPSURYHPHQW7KLVLVSUREDEO\GXH
WRWKHHIIHFWRIVWRUDJHWHUPVZKLFKFDQEHFRQVLGHUHG
QHJOLJLEOHDWGDLO\VFDOHDVVKRZQLQ)RNHQE
(IIHFWRIVFDOHGLIIHUHQFHVLQÀX[PHDVXUHPHQWV
7KHHQHUJ\EDODQFHFORVXUHFDQDOVREHVHHQDVD
VFDOHSUREOHPEHFDXVHHDFKÀX[LVUHSUHVHQWDWLYH
RIDQDUHD)LJ,QIDFWWKHQHWUDGLRPHWHUVRXUFH
DUHDLVWKH¿HOGRIYLHZRIWKHLQVWUXPHQWDWQDGLU
UHODWHGWRWKHVHQVRUKHLJKWDQGLWGRHVQ¶WFKDQJH
ZLWK WLPH ,Q )LJ D the net radiometer source 
DUHDGHVFULEHGE\6FKPLG¶VHTXDWLRQXVLQJ
WKHUDGLRPHWHUFRQ¿JXUDWLRQRQWKHWRZHUIRUWKLV
H[SHULPHQWDOFDPSDLJQLVVKRZQ7KHUDGLRPHWHULV
located on an arm (bRIDERXWPORQJDWWDFKHG
WRWKHWRZHUDWDKHLJKWRIDERXWPzr,WVRUL-
HQWDWLRQLVIURPQRUWKWRVRXWKLQRUGHUWRUHFHLYH
WKHZKROHVRODUUDGLDWLRQGXULQJWKHGDLO\KRXUV,WV
VRXUFHDUHDKDVDFLUFXODUVKDSHZLWKDPD[LPXP
UDGLXVRIDERXWPDQGWKHPDMRUUHSUHVHQWDWLYH-
QHVVRIWKHVKRUWDQGORQJZDYHPHDVXUHPHQWZKLFK
DUHFRPLQJIURPWKHVXUIDFHDUHLQFRUUHVSRQGHQFH
WRWKHSURMHFWLRQRI WKHUDGLRPHWHURQWKHJURXQG
UHG]RQHV
7KHÀX[ IRRWSULQW RI WXUEXOHQWÀX[HV YDULHV LQ
VSDFHDQGWLPHGHSHQGLQJPDLQO\RQZLQGVSHHGDQG
GLUHFWLRQVXUIDFHURXJKQHVVVWDELOLW\FRQGLWLRQVRIWKH
atmosphere and measurement heights (Hsieh et al., 
$FFRUGLQJWR+VLHKet al.WKHIRRWSULQW
UHSUHVHQWV DZHLJKW IXQFWLRQ IRUXQLWRI OHQJWKRI
GLIIHUHQWFRQWULEXWLRQWKDWLVFRPLQJIURPWKHVXUIDFH
DUHDDWDFHUWDLQGLVWDQFHDZD\IURPWKHLQVWUXPHQWV
DQHPRPHWHU DQGJDV DQDO\]HU >(& VWDWLRQ@7KLV
IXQFWLRQFKDQJHVLQVSDFHDQGWLPHDQGLVGLIIHUHQWIRU
HDFKPLQPHDVXUHPHQW,Q)LJXUHEWKHIRRWSULQW
VRXUFHDUHDRIWKH(&VWDWLRQFRQVLGHULQJWKHZKROH
H[SHULPHQWDOGDWDIURP0D\WR6HSWHPEHULVVKRZQ
%LGLPHQVLRQDOIRRWSULQWVDUHFRPSXWHGXVLQJ+VLHK
et al.DQG'HWWRet al.PRGHOVIRUWKH
ORQJLWXGLQDO DQG ODWHUDO VSUHDGV UHVSHFWLYHO\7KH
mathematical approach to match Hsieh et al.
and Detto et al.PRGHOVLVQRWGHVFULEHGLQWKLV
ZRUNEXWLWLVZLGHO\GLVFXVVHGLQWKHUHFHQWDUWLFOHRI
van de Boer et al.7KHIRRWSULQWDUHDREWDLQHG
IRUHDFKKDOIKRXUO\GDWDKDVEHHQRULHQWHGZLWKUHVSHFW
WRZLQGGLUHFWLRQVDQGWKHIRRWSULQWVKDSHUHSUHVHQWHG
LQ)LJXUHEKDVEHHQREWDLQHGSHUIRUPLQJWKLVSURFH-
GXUHRQWKHZKROHH[SHULPHQWDOGDWDVHW,QJHQHUDO
WKHPDMRU UHSUHVHQWDWLYHQHVVRI ODWHQW DQG VHQVLEOH
KHDWÀX[PHDVXUHPHQWVLVFRQ¿QHGLQDQDUHDRIDERXW 
450 m2RQWKHULJKWRIWKHWRZHUZHVWGLUHFWLRQ7KLV
LVSUREDEO\GXHWRWKHOLPLWHGPDJQLWXGHRIZLQGLQ-
WHQVLWLHVLQWKH3R9DOOH\ZKLFKGRQRWH[FHHGPV–1 
(Masseroni et al., DE
7KH HIIHFW RIÀX[ VSDWLDO VFDOHV RQ WKH HQHUJ\
EDODQFH FORVXUH LV HYDOXDWHG FRQVLGHULQJ WKH SHDN
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ORFDWLRQRIWKHIRRWSULQWIXQFWLRQLQVLGHWKH¿HOG$V
VKRZQLQ)LJXUHWKHSHDNGDWDKDYHEHHQVXEGLYLG-
HGLQWRIRXUSHUFHQWLOHJURXSVHDFKZLWKRIWKH
GDWDVRWKDWWXUEXOHQWÀX[HVRIODWHQWDQGVHQVLEOH
KHDWFRQQHFWHGWRHDFKSHDNDUHXVHGWRFRPSXWHWKH
energy balance closure. 
7KHHQHUJ\EDODQFHFORVXUHWHQGVWRLQFUHDVHZKHQ
WKHSHDNORFDWLRQLVXSWRPDZD\IURPWKHHGG\
FRYDULDQFHVWDWLRQ7KHPD[LPXPYDOXHRIWKHOLQHDU
UHJUHVVLRQVORSHLVLQFRUUHVSRQGHQFHZLWKWKH
WKSHUFHQWLOHLHZLWKWKHIRRWSULQWSHDNIDUIURP
WKHWRZHUZKLFKYDULHVEHWZHHQDQGPHWHUV
+RZHYHUZKHQWKHSHDNH[FHHGVPWKHVORSHWHQGV
to decrease, probably because the representative 
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VRXUFH DUHDRI HGG\ FRYDULDQFHPHDVXUHPHQWV H[-
FHHGVWKH¿HOGGLPHQVLRQV,QVWHDGZKHQWKHSHDN
ORFDWLRQLVQHDUWKHVWDWLRQWKHKHWHURJHQHLW\RIWKH
LVODQGVXUIDFHDQGWKHLQÀXHQFHRIWKHGHYLFHVFRXOG
DOWHUWKHWXUEXOHQWÀX[PHDVXUHPHQWV7KHV\VWHPDWLF
HUURUGH¿QHGE\LQWHUFHSWLQFUHDVHVOLQHDUO\ZLWKWKH
SHUFHQWLOHJURXSVXSWR:P–2. 
*URXQGKHDWÀX[LVXVXDOO\YHU\VPDOOZLWKUHVSHFW
WRWKHRWKHUHQHUJ\ÀX[HVUDQJLQJIURPWRRI
WKHQHWUDGLDWLRQ+RZHYHUWKHHVWLPDWHRIWKLVÀX[
KDVWKHKLJKHVWXQFHUWDLQW\DQGFDQUHDFKDQHUURURI
XSWR)RNHQD0RUHRYHULWLVPHDVXUHG
ZLWKDQLQVWUXPHQWWKDWKDVWKHVPDOOHVWVRXUFHDUHD
ZKLFKFDQEH WZRRUGHUVRIPDJQLWXGH ORZHU WKDQ
WKHODWHQWDQGVHQVLEOHKHDWÀX[HVIRRWSULQWVWKHUH-
IRUHLWFDQYDU\JUHDWO\LQWKH¿HOGGXHWRGLIIHUHQW
soil characteristics or soil moisture conditions, as 
VKRZQLQ.XVWDVet al.ZKRIRXQGWKDWZKHQ
measuring GZLWKGLIIHUHQWLQVWUXPHQWVLQDVPDOO
VLWHWKHPHDQGLIIHUHQFHVLQVRLOKHDWÀX[ZHUHDERXW
:P–2, but in some occasions they could deviate 
DVPXFKDV:P–25HVHDUFKRQWKHYDULDWLRQRI
KHDWVRLOÀX[DFURVVWKH¿HOGVDQGLWVLQÀXHQFHVRQ
HQHUJ\EDODQFHFORVXUHLVDQLPSRUWDQWLVVXHZKLFK
has been studied by many scientists. In the current 
state, GLVDVVXPHGWREHXQLIRUPRQWKH¿HOGDQGLWV
VWURQJYDULDELOLW\DFURVVWKH¿HOGLVQHJOHFWHGLQWKH
¿UVWDSSUR[LPDWLRQ
3.5 Effect of turbulent mixing 
7KHHIIHFWRIWXUEXOHQWPL[LQJLVHYDOXDWHGZLWKUHVSHFW
WR IULFWLRQYHORFLW\ u*)ULFWLRQYHORFLW\ W\SLFDOO\
FKDQJHVZLWKDWPRVSKHULFVWDELOLW\DQG WLPHRIGD\
DVH[SODLQHGE\:LOVRQet al.&KDQJHVLQWKH
HQHUJ\EDODQFHFORVXUHFRXOGDOVREHWKHGLUHFWUHVXOWRI
FKDQJHVLQIULFWLRQYHORFLW\,QDFFRUGDQFHZLWK:LOVRQ
et al. D VLPSOHPHWKRG WR LVRODWH WKHHIIHFWV
RI IULFWLRQYHORFLW\RQHQHUJ\EDODQFH LPSURYHPHQW
LVVKRZQ'DWDDUHVHSDUDWHGLQWRIRXUSHUFHQWLOH
JURXSV HDFKJURXS FRQWDLQLQJGDWDZKHUH IULFWLRQ
YHORFLW\LVLQFOXGHGEHWZHHQWZRFRQVHFXWLYHIULFWLRQ
YHORFLW\SHUFHQWLOHYDOXHV7KHVORSHRIOLQHDUUHJUHV-
sion R2 and intercept are also evaluated during daytime 
DQGQLJKWWLPHDVVKRZQLQ)LJXUH$VH[SODLQHGLQ
)LJXUHDGXULQJGD\WLPHWKHVORSHLQFUHDVHVIURP
WRDQGWKHLQWHUFHSWYDULHVIURP±WR:P–2. Only 
ZKHQWKHIULFWLRQYHORFLW\LVLQFOXGHGEHWZHHQDQG
0.83 ms–1WKHLQWHUFHSWFROODSVHVWRDYDOXHRIDERXW 
:P–2'XULQJQLJKWWLPH)LJEWKHHQHUJ\EDO-
DQFHFORVXUHLVGUDVWLFDOO\ZRUVHQZLWKDPHDQVORSH
RIDERXW7KHLQWHUFHSWLVTXLWHFORVHWR:P–2 
ZKLOHR2 considerably varies among the percentile 
JURXSV7KLV LVSUREDEO\GXHWR ORZZLQGYHORFLWLHV
ZKLFKGXULQJQLJKWWLPHSUHYHQW WKHYHU\ WXUEXOHQW
PL[HGFRQGLWLRQVRIWKHDWPRVSKHUHIURPLQFUHDVLQJWKH
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dataset.
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DGYHFWLRQWUDQVSRUWRIVFDODUÀX[HVDQGIRUPZRUVHQLQJ
the eddy covariance measurements. 
)LJXUH VKRZV WKH IULFWLRQYHORFLW\ LQÀXHQFH
RQHQHUJ\EDODQFHFORVXUHJOREDOO\HYDOXDWHGIRUWKH
ZKROH H[SHULPHQWDO GDWD VHW7KH VORSH FRQVWDQWO\
LQFUHDVHVXSWRZKHQGDWDDUHLQFOXGHGLQDIULF-
WLRQYHORFLW\UDQJHEHWZHHQDQGPV–17KH
V\VWHPDWLFHUURUVGH¿QHGE\LQWHUFHSWYDOXHVWHQGWR
GHFUHDVH DQG LQ FRUUHVSRQGHQFHZLWK D FORVXUHRI
WKHLQWHUFHSWYDOXHLVDERXW:P–2. Literature 
UHVXOWV:LOVRQet al., 2002; Barr et al., DUHDOVR
FRQ¿UPHG IURP WKH DQDO\VLV SHUIRUPHGDW/LYUDJD
VWDWLRQJLYHQ WKDW WKHFORVXUHRI WKHHQHUJ\EXGJHW
WHQGVWRLQFUHDVHZLWKWKHLQFUHDVHRIIULFWLRQYHORFLW\
,QIDFWZKHQIULFWLRQYHORFLW\LVORZWKHWXUEXOHQFHLV
VRIWHQHGDQGWKHÀX[HVDUHXVXDOO\XQGHUHVWLPDWHG7KH
SUREOHPUHODWHGWRWKHXVHRIIULFWLRQYHORFLW\DVDQLQGL-
FDWRURIJRRGPHDVXUHGGDWDLVOLQNHGWRDu* threshold 
GH¿QLWLRQ,Q$ODYLet al.DYDOXHRIPV–1is 
FRQVLGHUHGZKLOH2OLSKDQWet al.XVHPV–1 
and Barr et al.XVHPV–1VKRZLQJWKDWWKH
FKRLFHRIWKLVOLPLWRQu* seems to be site dependent. 
3.6 Effect of vegetation 
0DQ\H[SHULPHQWDOUHVXOWVRIHQHUJ\EDODQFHSURE-
OHPVUHODWHGWRORZDQGWDOOYHJHWDWLRQDUHDYDLODEOH
LQOLWHUDWXUH3DQLQet al.$XELQHWet al., 2000; 
:LOVRQet al.+HUHWKHLQÀXHQFHRIYHJHWDWLRQ
height and heterogeneity on energy balance closure 
LVVWXGLHGVXEGLYLGLQJWKHH[SHULPHQWDOGDWDVHWLQWR
¿YHFODVVHVIURP&WR&(DFKFODVVFRQWDLQVGDWD
ZLWKGLIIHUHQWYHJHWDWLRQKHLJKWV7DEOH,LQIXQFWLRQ
RIFDQRS\JURZWK
)RU HDFK FODVV WKH HQHUJ\ EDODQFH FORVXUH LV
FDOFXODWHGDQGWKHUHVXOWVDUHVKRZQLQ)LJXUHD
7KHVORSHWHQGVWRGHFUHDVHWRZLWKWKHLQFUHDVH
RIYHJHWDWLRQKHLJKWIRUDFDQRS\KHLJKWRIWR 
FP7KHPD[LPXPVORSHYDOXHLVDERXWLQ
FRUUHVSRQGHQFHZLWKWKH&FODVVZKHQWKHVXUIDFH
heterogeneity is particularly accentuated. Intercept 
FKDQJHVLWVSRVLWLYHVLJQLQFRUUHVSRQGHQFHZLWKWKH
&FODVVZKHUHWKHLQWHUFHSWYDOXHLVDERXW±:P–2. 
7REHWWHUXQGHUVWDQGKRZWKHVHUHVXOWVDUHSRVVLEOH
WKHVWRUDJH WHUPVVKRXOGEH WDNHQLQWRDFFRXQW ,Q
)LJXUHE WKH VORSHVRI WKH OLQHDU UHJUHVVLRQDUH
FRPSDUHGWRWKHSHUFHQWDJHVWRUDJHZHLJKWVGH¿QHG
LQ(T6WRUDJHZHLJKWLVWKHUDWLREHWZHHQWKH
DYHUDJHGVWRUDJHÀX[HVIRUHDFKFODVVDQGWKHVXP
RIWKHVHDYHUDJHVRQWKHZKROHFODVVVXEGLYLVLRQV
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Storage weight  
ZKHUHSLVWKHVWRUDJHWHUPIRUWKHxÀX[VRLOKHDW
JURXQGSKRWRV\QWKHVLVRUFDQRS\VWRUDJHVN is the 
QXPEHURIGDWDIRUHDFKFODVVDQG j is a class indicator 
WKDWUHSUHVHQWV&ZKHQHTXDOWR&ZKHQHTXDO
to 2, and so on. 
$VVKRZQLQ)LJXUHEWKHVORSHWUHQGLVRSSRVLWH
WRWKHFDQRS\DQGWKHZHLJKWWHUPVRISKRWRV\QWKHVLV
VWRUDJH,QIDFWZKHQFDQRS\LVWDOOWKHZHLJKWVRI
Sc and Sp are particularly relevant, reaching a value 
RIDERXWLQFRUUHVSRQGHQFHZLWKWKH&FODVV
,QVWHDGWKHZHLJKWWHUPRIVRLOKHDWJURXQGVWRUDJH
GUDVWLFDOO\GHFUHDVHVZKHQYHJHWDWLRQLVWDOOPRYLQJ
IURPWRZKHQWKHFODVVFKDQJHVIURP&WR&
7KHSUHVHQFHRIYHJHWDWLRQFRYHULQJWKH¿HOGSOD\V
D IXQGDPHQWDO UROH LQ WKH HQHUJ\EDODQFH FORVXUH
3DUWLFXODUO\ WKHSp and Sc storage terms increase 
WKHLULQÀXHQFHRQHQHUJ\EDODQFHFORVXUHGXULQJWKH
FDQRS\JURZWKDQGWKHHQHUJ\XQEDODQFHLVDFFHQ-
WXDWHGLIWKH\DUHQRWFRQVLGHUHG:KHQYHJHWDWLRQLV
decreased, Sp and Sc HIIHFWVFDQEHQHJOHFWHGZKLOH
SgEHFRPHVUHOHYDQWUHDFKLQJWKHZHLJKWYDOXHRI
DERXW&FODVV
3.7 Effect of seasonality
7KHGDLO\SDWWHUQVRIWKHPLQDYHUDJHVRIRn, LE, 
H and G in May, June, July and August are plotted in 
)LJXUHWRFOHDUO\GHVFULEHWKHSDUWLWLRQRIHQHUJ\
EDODQFH FRPSRQHQWVGXULQJGLIIHUHQW VHDVRQV7KH
PD[LPXPSHDN RI QHW UDGLDWLRQ LV TXLWH FRQVWDQW
IURP0D\WR$XJXVWRVFLOODWLQJEHWZHHQDQG
:P–2. Latent and sensible heat have a strong variabil-
LW\WURXJKWKHPRQWKVVKRZLQJDTXLWHVLPLODUWUHQG
IURP0D\WR-XQHZKLOHLQ-XO\DQG$XJXVWODWHQW
7DEOH,&ODVVHVRIYHJHWDWLRQKHLJKW
Class 9HJHWDWLRQKHLJKWFP
C1 0-30
C2 
C3 
C4 
C5 150-320
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heat is about three times greater than sensible heat. 
7KHVRLOKHDWÀX[DFFRXQWVIRUDVPDOOSURSRUWLRQRI
WKH DYDLODEOH HQHUJ\ SDUWLFXODUO\ZKHQYHJHWDWLRQ
FRYHUVWKH¿HOGVXUIDFH,QIDFWGXULQJ0D\LWFDQ
DOVRUHDFKWKHPD[LPXPYDOXHRIDERXW:P–2 at 
ZKLOHLQ-XO\DQG$XJXVWVRLOKHDWÀX[LVHTXDO
WRDIHZWHQVRIZDWWSHUVTXDUHPHWHU
7KHSDUWLWLRQLQJRIQHWUDGLDWLRQLQWRVHQVLEOHKHDW
DQGODWHQWKHDWÀX[HVLVVWURQJO\LQÀXHQFHGE\FKDQJH
LQYHJHWDWLRQFKDUDFWHULVWLFV6SHFL¿FDOO\ZKHQYHJ-
HWDWLRQLVWDOOWKHGRPLQDQWFRPSRQHQWRIWKHHQHUJ\
EXGJHWLVUHSUHVHQWHGE\ODWHQWKHDWZLWKDSHDNLQ-XO\
RIDERXW:P–2. Sensible heat is the main energy 
FRPSRQHQWZKHQYHJHWDWLRQLVDEVHQWHG LW WHQGVWR
GHFUHDVHGXULQJWKHFDQRS\JURZWKEXWDVVKRZQLQ
$XJXVWZKHQYHJHWDWLRQLVIXOO\GHYHORSHGLWUHWXUQV
WRVLPLODUYDOXHVDV WKRVHVKRZQ LQ0D\$VSHFLDO
SKHQRPHQRQ FDOOHG ³RDVLV HIIHFW´ FDQEHQRWHG LQ
-XO\ZKHQODWHQWKHDWLVWKHFRPSRQHQWWKDWWDNHVWKH
ODUJHVWSRUWLRQRIRn and sensible heat is very small. 
,Q WKH FDVHRIRSWLPXPFRQGLWLRQV IRU HYDSRUDWLRQ
(i.e. high soil moisture and very turbulent conditions 
>)RNHQD@ WKHHYDSRUDWLRQSURFHVV LVJUHDWHU
WKDQVHQVLEOHKHDWÀX[,QVXFKFDVHVVHQVLEOHKHDW
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FKDQJHVLWVVLJQRQHWRWKUHHKRXUVEHIRUHVXQVHWDQG
VRPHWLPHVLQWKHHDUO\DIWHUQRRQDQGDWHPSHUDWXUH
JUDGLHQW LQYHUVLRQDORQJZLWKDGRZQZDUGVHQVLEOH
KHDWWUDQVIHUWDNHVSODFHLQWKHDWPRVSKHUH
7KH HQHUJ\ EDODQFH FORVXUH IRU HDFKPRQWK LV
VKRZQLQ)LJXUH7KHVORSHRIWKHOLQHDUUHJUHVVLRQ
LVSDUWLFXODUO\LQÀXHQFHGE\WKHFDQRS\JURZWK:KHQ
WKH¿HOGLVFRPSOHWHO\FRYHUHGE\YHJHWDWLRQDQGLW
FDQEHFRQVLGHUHGDVDKRPRJHQRXVVXUIDFHHQHUJ\
EDODQFHFORVXUHGHFUHDVHVXSWRZLWKDQLQWHUFHSW
YDOXHRI DERXW±:P–27KLV LVSUREDEO\GXH WR
WKHHIIHFWRI WKHFDQRS\DQGSKRWRV\QWKHWLFVWRUDJH
WHUPVZKLFK EHFRPH LPSRUWDQWZKHQ YHJHWDWLRQ
LV WDOODQG WKHVXUIDFH LVKRPRJHQRXVO\FRYHUHGE\
SODQWV:KHQHDFKÀX[RIWKHHQHUJ\EDODQFHRYHUWKH
ZKROHH[SHULPHQWDOSHULRGLVDQDO\]HG)LJLWLV
SRVVLEOHWRUHDOL]HWKDWRYHUD¿HOGFRYHUHGE\GHQVH
vegetation, latent heat is the main dominant component 
RIWKHHQHUJ\EXGJHWZLWKUHVSHFWWRVHQVLEOHKHDWDQG
VRLOKHDWJURXQGDQGWKHODFNRIWKHHQHUJ\EDODQFH
FORVXUHFRUUHVSRQGVWRDQXQGHUHVWLPDWLRQRIWKHFDQ-
RS\HYDSRWUDQVSLUDWLRQÀX[HV,QZDWHUPDQDJHPHQW
practices this problem assumes a dominant role in 
LUULJDWLRQSURFHGXUHVJLYHQWKDWDFRUUHFWHVWLPDWLRQRI
HYDSRWUDQVSLUDWLRQÀX[HVFRUUHVSRQGVWRDQHI¿FDFLRXV
DQGVXVWDLQDEOHPDQDJHPHQWRIWKHZDWHUUHVRXUFH
3.8 Random errors
7KH UHOLDELOLW\RI WXUEXOHQWÀX[HVFDQEHREWDLQHG
RQO\ LI WKH WKHRUHWLFDO DVVXPSWLRQRI WKH HGG\FR-
YDULDQFH WHFKQLTXH GHVFULEHG LQ0RQFULHIIet al. 
>@ LV IROORZHG1RQ VWHDG\VWDWH FRQGLWLRQV
UDQGRPQRLVHRIWKHVLJQDOLQDGHTXDWHOHQJWKRIWKH
VDPSOLQJLQWHUYDOVL]HYDULDWLRQRIWKHÀX[IRRWSULQW
DQGVXUIDFHKHWHURJHQHLW\VLQJOHSRLQWPHDVXUHPHQW
RI WKH WXUEXOHQFH DQG LQDGHTXDWH VHQVRU UHVSRQVH
FRXOGFDXVHUDQGRPXQFHUWDLQW\LQÀX[HVPHDVXUH-
ments. Random errors have been mainly studied by 
+ROOLQJHUDQG5LFKDUGVRQZKRFRPSDUHGÀX[
PHDVXUHPHQWVREWDLQHGE\WZRLGHQWLFDOPLFURPHWH-
RURORJLFDOVWDWLRQVORFDWHGLQWKHVDPHSODFHZLWKWKH
VDPHÀX[IRRWSULQWRUE\5LFKDUGVRQet al.
ZKRFRPSDUHG DSDLU RIPHDVXUHPHQWVSHUIRUPHG
RQWZRVXFFHVVLYHGD\VIURPWKHVDPHWRZHUXQGHU
HTXLYDOHQWHQYLURQPHQWDOFRQGLWLRQV8VLQJWKH/HQ-
VFKRZet al.PHWKRGWRGHWHFWUDQGRPXQFHU-
WDLQW\LQVHQVLEOHDQGODWHQWKHDWÀX[HVLWLVSRVVLEOH
WRUHDOL]HWKDWHUURUVLQHVWLPDWHGPHDQVYDULDQFHV
DQGFRYDULDQFHVGLPLQLVKZKHQWKHVL]HRIWKHGDWDVHW
is increased (as long as the data set is not enlarged in 
VXFKDZD\WKDWIRUH[DPSOHVHDVRQDOWUHQGVEHFRPH
LPSRUWDQWDQGWKHUDQGRPXQFHUWDLQW\PDJQLWXGH
SURSRUWLRQDOO\LQFUHDVHVZLWKWKHJURZWKRIVHQVLEOH
DQGODWHQWKHDWÀX[LQWHQVLWLHV)LJ
6RPHDXWKRUVDV%HUQDUGHVDQG'LDVLQ-
FOXGHHUURUEDUVZKHQUHSRUWLQJPHDVXUHGYDOXHVRI
WXUEXOHQWÀX[HV7KRXJKLWLVQRWDFRPPRQPLFUR-
PHWHRURORJLFDOSUDFWLFH)LJXUHVKRZVPHDQGDLO\
WXUEXOHQWÀX[LQWHQVLWLHVWRJHWKHUZLWKWKHLUUDQJHV
RIFRQ¿GHQFHLQRUGHUWRH[SODLQKRZUDQGRPHUURUV
DIIHFWODWHQWDQGVHQVLEOHKHDWÀX[HV7KHPD[LPXP
XQFHUWDLQW\LVDVVRFLDWHGZLWKGD\WLPHZKHQPD[L-
PXPODWHQWDQGVHQVLEOHKHDWPDJQLWXGHVDUHVKRZQ
'XULQJGD\WLPHWKHPD[LPXPUDQJHRIFRQ¿GHQFH
LVDERXW:P–2IRUVHQVLEOHKHDWDQG:P–2IRU
ODWHQWKHDWZKLOHGXULQJWKHQLJKWWLPHLWWHQGVWR]HUR
*HQHUDOO\VRPHUDQGRPHUURUVRXUFHVFRXOGEH
solved by trying to apply rigorously practical rules 
GHVFULEHGLQPDQ\OLWHUDWXUHZRUNVZKLFKKDYHEHHQ
ZULWWHQIURPWKHEHJLQQLQJRIWKHHGG\FRYDULDQFH
WHFKQLTXH6FKPLG)RNHQD+RZHYHU
WKHHQHUJ\EDODQFHFORVXUHLVDIIHFWHGE\WKHVHHUURUV
ZKLFKFDQQRWEHFRPSOHWHO\ HOLPLQDWHG)LOWHULQJ
PHWKRGV EDVHG RQ WKH VSDWLDO GHFRPSRVLWLRQ RI
WXUEXOHQWÀX[HV6DOHVN\et al.WU\WRTXDQ-
WLI\ULJRURXVO\UDQGRPHUURUVZLWKWKHREMHFWLYHRI
LQFOXGLQJ²LQWKHFRPPRQSUDFWLFHRIWKHDXWKRUV²
DQHVWLPDWHRI WKH UDQGRPHUURUVPDJQLWXGHZKHQ
PLFURPHWHRURORJLFDOPHDVXUHPHQWVDUHVKRZQ
4. Conclusions
7KH/LYUDJD PHDVXUHPHQWV DUH DQ H[FHOOHQW
GDWD VHW IRU HYDOXDWLQJ WKH VXUIDFH HQHUJ\EDODQFH
SUREOHPV$OO¿QGLQJVDERXWÀX[HUURUVRXUFHVFDQQRW
FRPSOHWHO\H[SODLQWKHSUREOHPRIXQFORVHGVXUIDFH
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HQHUJ\EDODQFH,WZDVIRXQGWKDWFUXFLDODWWHQWLRQWR
FDOLEUDWLRQPDLQWHQDQFHDQGVRIWZDUHFRUUHFWLRQRI
GDWDLVHVVHQWLDOWRREWDLQKDOIKRXUO\UHOLDEOHÀX[HV
'HVSLWHWKLVHIIRUWWKHGDWDVHWFRQWDLQVDQXQEDODQFH
RIDERXWZKLFKKDVEHHQVWXGLHG WDNLQJ LQWR
DFFRXQWGLIIHUHQWWXUEXOHQWÀX[SUREOHPV
6WRUDJHWHUPVZKLFKSOD\DIXQGDPHQWDOUROHLQ
WKHLPSURYHPHQWRIWKHHQHUJ\EDODQFHFORVXUHDUH
DERXWRI WKHGDLO\DYDLODEOH UDGLDWLRQHQHUJ\
3KRWRV\QWKHVLVDQGFDQRS\VWRUDJHWHUPVDUHSUHY-
DOHQW LQ WKH¿HOGZKHQ YHJHWDWLRQ FRYHUV WKH VRLO
VXUIDFHDQGFDQRS\LVIXOO\GHYHORSHG*URXQGKHDW
storage is greater than the other storage terms, and 
LWFDQUHDFKXSWRRIWKHVRLOKHDWÀX[&DQRS\
JURZWKDQGVHDVRQDOLW\HIIHFWVDUHVWURQJO\FRQQHFWHG
ZLWKVWRUDJHWHUPV:KHQYHJHWDWLRQLVGHFUHDVHGWKH
HQHUJ\EDODQFHFORVXUHLVDOPRVWHTXDOWREHFDXVH
WKHRQO\WHUPWKDWH[LVWVLVWKHJURXQGKHDWVWRUDJH
ZLWKDSHUFHQWDJHZHLJKWRIDERXW)URPFODVV
C1 to class C5 the energy balance closure decreases 
LIWKHYHJHWDWLRQVWRUDJHWHUPVFDQRS\DQGSKRWR-
V\QWKHVLVDUHQRWFRQVLGHUHG6LPLODUO\WKHHQHUJ\
EDODQFH FORVXUH GHFUHDVHV IURP0D\ WR$XJXVW LQ
DFFRUGDQFHZLWK WKH LQFUHDVLQJ RI WKH YHJHWDWLRQ
VWRUDJHWHUPV7KHHQHUJ\EDODQFHÀX[SDUWLWLRQLQJ
KLJKOLJKWV KRZDYDLODEOH HQHUJ\ QHW UDGLDWLRQ LV
VXEGLYLGHGLQWRODWHQWVHQVLEOHDQGVRLOKHDWÀX[HV
GHWHFWLQJWKHÀX[WKDWFRXOGFRQWULEXWHPRVWWRWKH
XQEDODQFHSUREOHP'XULQJWKHH[SHULPHQWDOFDP-
SDLJQWKHUHVXOWVVKRZWKDWODWHQWKHDWLVWKHPDLQ
FRPSRQHQWRIWKHHQHUJ\EXGJHWDQGGXULQJVRPH
PRQWKVLWLVJUDWHUWKDQRIWKHDYDLODEOHHQHUJ\
Atmospheric turbulence characteristics play a 
IXQGDPHQWDOUROHLQUHOLDEOHHVWLPDWLRQVRIÀX[,Q
VRPHFDVHVKDOIKRXUO\DYHUDJHGSHULRGVDUHQRWVXI-
¿FLHQWO\ODUJHIRUWDNLQJLQWRDFFRXQWWKHORQJZDYH
WHUPVRIWXUEXOHQWÀX[PHDVXUHPHQWV6WXG\LQJWKH
RJLYHIXQFWLRQVWKHUHVXOWVVKRZWKDWDERXWRI
the data are partially corrected because their aggre-
JDWLRQWLPHFRYHUVRQO\DSRUWLRQRIWXUEXOHQWHGGLHV
ZKLFKVWD\LQWKHVXUIDFHOD\HU*DUUDWW6RPH
DXWKRUVOLNH/HQVFKRZet al.VXJJHVWWKDWWKH
DYHUDJHGDJJUHJDWLRQ WLPHRI WKHHGG\FRYDULDQFH
ÀX[PHDVXUHPHQWVVKRXOGEHFKDQJHGLQIXQFWLRQRI
the atmospheric turbulence characteristics, but this 
PHWKRGGUDVWLFDOO\LQFUHDVHVWKHFRPSOH[LW\RIFRP-
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PRQSUDFWLFHPHDVXUHPHQWV7KHVWDWHRIWXUEXOHQW
PL[LQJLVDQLPSRUWDQWDVSHFWDJDLQVWWKHDGYHFWLRQ
SKHQRPHQRQ2QHRIWKHWKHRUHWLFDODVVXPSWLRQVRI
WKHHGG\FRYDULDQFHWHFKQLTXHLVWKDWDGYHFWLRQWHUPV
FDQEHQHJOHFWHG)ULFWLRQYHORFLW\LVXVHGIRUSURYLG-
LQJDWKUHVKROGWKDWGLVFHUQVWKHH[LVWLQJSUREDELOLW\
RIDGYHFWLRQWUDQVSRUW7KHHQHUJ\EDODQFHFORVXUHLQ
GHYHORSHGWXUEXOHQWPL[LQJFRQGLWLRQVLVJUHDWHUWKDQ
LQFDVHVZLWKORZWXUEXOHQFHDQGWKHFORVXUHLVDERXW
LIIULFWLRQYHORFLW\LVFRQ¿QHGWRPV–1. 
In the past, researches on energy balance closure 
SUREOHPVZHUHPDLQO\GLUHFWHGWRPHDVXULQJHUURUV
DQGRQO\ D IHZ UHVXOWVXQGHUOLQH WKH VFDOHK\SRWK-
HVLV7KH UHVXOWV VKRZQ LQ WKLVZRUNXQGHUOLQH WKH
FRPSOH[LW\RIWKHVRXUFHDUHDIRRWSULQWGH¿QLWLRQIRU
HDFKÀX[RIWKHHQHUJ\EXGJHW$WPRVSKHULFVWDELOLW\
FRQGLWLRQVPHDVXUHPHQWKHLJKW VXUIDFH URXJKQHVV
DQGZLQGYHORFLW\DUHVRPHFRPPRQSDUDPHWHUVWKDW
JRYHUQWKHIRRWSULQWPRGHOV,QWKH3R9DOOH\ZHDN
ZLQGYHORFLWLHVDQGVWURQJFRQYHFWLYHIRUFHVGXULQJWKH
VXPPHUPRQWKVFDXVHWKHIRRWSULQWPRYHPHQWWRSHDN
LQGLUHFWLRQRIWKHWRZHUVRWKDWWKHPDMRUUHSUHVHQWD-
WLYHQHVVRIWKHVRXUFHDUHDLVFHUWDLQO\FRQ¿QHGZLWKLQ
WKH¿HOG6LWHVSHFL¿FH[SHULPHQWVVKRXOGEHPDGHWR
XQGHUVWDQGKRZWKHUHSUHVHQWDWLYHVRXUFHDUHDIRUWKH
HGG\FRYDULDQFHPHDVXUHPHQWVFKDQJHLQIXQFWLRQRI
atmospheric, physical and geometrical characteristics 
RIWKH¿HOG,WVKRXOGEHDVXEMHFWRIIXUWKHUUHVHDUFKWR
UHFDOFXODWHHGG\FRYDULDQFHH[SHULPHQWDOUHVXOWVXVLQJ
DQHZH[SHULPHQWDOSODQDQGDVSHFLDOL]HGPHDVXULQJ
VHWXSFDOLEUDWHGIRUWKHVFDOHSUREOHP/(6PRGHOLQJ
studies could be used to support these researches. 
'HVSLWHWKHIDFWWKDWWKLVRYHUYLHZFDQQRWEHD¿-
QDOZRUNWKLVSDSHUVKRZVLPSRUWDQWUHVXOWVDERXWWKH
energy balance closure problem. Moreover, it is one 
RIWKHIHZUHVHDUFKHVRQPDL]H¿HOGVLQWKH3R9DOOH\
SUHVHQWHGLQOLWHUDWXUHLQFUHDVLQJWKHNQRZOHGJHRQ
the energy balance problems at international scale. 
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